
Extracorporeal Shockwave Therapy in Osteonecrosis of the Femoral 
Head: Where Do We Stand?

Introduction
Osteonecrosis of the femoral head (ONFH) 
is a progressive disease characterized by 
ischemic lesions and structural damage in the 
head of the femur caused by insufficient 
blood supply due to multiple etiologies. 
Without proper intervention, ONFH may 
cause arthralgia, activity limitation, and 
arthritis, eventually leading to disability [1]. 
Given its relatively high incidence rate among 
young- and middle-aged adults, this may 
impose a significant economic burden on 
both patients and society. Therefore, non-
invasive treatment in the early stages of the 
disorder is considerably important when it 
comes to minimizing the suffering and 
burden of the patient.
Extracorporeal shockwave therapy (ESWT) 
has gained much attention in the past decade 
due to its promising clinical performance and 
i n c r e a s i n g  r e s e a r c h  e v i d e n c e  [ 2 ] . 
Extracorporeal shockwave (ESW) is a type of 
discontinuous mechanical wave with low 
frequency, short period, and high-energy 

d ens i t y.  Th i s  aco u st i c  wave  i s  t h en 
transformed into mechanical pressure, which 
acts on cells and tissues, producing biological 
changes. As a safe, effective, non-invasive, and 
low-cost treatment strategy, ESWT is now 
widely applied in musculoskeletal disorders 
such as delayed bone healing, bone marrow 
edema (BME), knee osteoarthritis, and 
certain types of avascular bone necrosis. 
However, the mechanism behind ESWT 
remains vague; some of the latest clinical 
research and misunderstandings still need to 
be discussed and clarified.

Mechanism of ESWT in Treating ONFH
While numerous studies have delved into 
unraveling the mechanism of ESWT, much of 
the truth remains veiled. Haupt’s traditional 
theory categorizes the therapeutic process 
into four distinct phases: the physical phase, 
subsequent physical-chemical  phase, 
chemical phase, and biological phase [3]. In 
the physical phase, ESW is generated and 
passes through various layers of body tissues, 

i n d u c i n g  m o l e c u l e  i o n i z at i o n s  a n d 
augmenting the permeabi l it y  of  cel l 
membranes. This sets the stage for the 
subsequent physical–chemical phase, where 
d i f f us i ble  rad ica l s  and b iomolec ule 
interactions unfold, giving rise to intracellular 
reactions and molecular changes. The 
ensuing chemical phase witnesses an 
escalation in the production of various 
cytokines and growth factors. Finally, the 
biological phase unfolds, eliciting a spectrum 
o f  b i o l o g i c a l  e f f e c t s ,  i n c l u d i n g 
chondroprotection, neovascularization, anti-
inflammation, anti-apoptosis, and tissue 
regeneration.
Throughout this process, ESW is generated 
and traverses diverse layers of body tissues, 
i n d u c i n g  m o l e c u l e  i o n i z at i o n s  a n d 
enhancing cell membrane permeability by 
transferring energy through extracellular 
cav i tat ions ,  pressure  grad ients ,  and 
temperature changes [4]. Subsequently, 
d i f f us i ble  rad ica l s  and b iomolec ule 
interactions come into play, instigating 
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intracel lular reactions and molecular 
alterations that manifest in diverse biological 
e f f e c t s .  E a r l y  s t u d i e s  p o i n t e d  t o 
chondroprotection, neovascularization, anti-
inflammation, anti-apoptosis, and tissue 
regeneration as some of these effects [5]. 
R e c e n t  i n v e s t i g a t i o n  h a v e  f u r t h e r 
substantiated these findings, providing new 
evidence that supports hypotheses regarding 
the transformation from physical energy to 
biological responses.
Previous studies elucidated that ESWT may 
promote neovascularization and bone 
regeneration by increasing the level of certain 
factors such as vessel endothelial growth 
factor (VEGF), proliferating cell nuclear 
antigen (PCNA), and bone morphogenic 
protein-2 (BMP-2) while downregulating 
certain anti-inflammatory factors [6, 7]. Yet, 
the latest studies have given us insights into 
other possible answers. Wu et al. [8] 
conducted both in vivo and in vitro studies 
examining the therapeutic effect of ESWT on 
endothelial cells with steroid-induced 
ONFH. The outcome demonstrated that 
ESWT promotes proliferation, migration, 
and angiogenesis while attenuating apoptosis 
both in vivo and in vitro. The in vitro 
experiment also indicated that miR-135b 
downregulation and the over-expression of 
its potential target gene FOXO1 were 
observed to weaken the positive effect of 
ESWT. Another study conducted by Li et al. 
[9] focusing on osteoporosis suggested that 
ESWT stimulated the differentiation of 
osteoblasts in vitro while increasing bone 
formation in rabbit models through the TGF-
β/SMAD2 pathway. Hsu et al. [10] examined 
the level of pro-inflammatory cytokines in 
ONFH rats with or without ESWT. Results 
showed that ESWT is proven to improve 
articular cartilage and subchondral bone by 
upregulating IL33 and its receptor ST2 
meanwhile downregulating certain pro-
inflammatory cytokines such as IL5, IL6, and 
IL17A. Concurrently, the study indicated 
t h a t  t h e  d e c r e a s e  o f  h y p e r t r o p h i c 
chondrocytes and increase of structural 
integrity also contribute to the protection of 
articular cartilage and subchondral bone.
The potential mechanism underlying ESWT 
can be succinctly summarized: ES W 
traverses layers of  t issue,  generating 
substantial velocity and pressure within the 
femoral head, leading to mechanical damage 
and subsequent tissue restoration. This 

dynamic process predominantly occurs at 
sites characterized by rapid impedance 
changes, such as the interface between bone 
and soft tissue or the sclerotic rim of ONFH. 
Following these alterations, ESW undergoes 
energy deposition at diverse interfaces 
between normal and necrotic tissues, 
inducing a cascade of biochemical and 
molecular responses in the femoral head. 
T h i s  c a s c a d e  e f f e c t  m a y  l e a d  t o 
vascularization and osteogenesis, fostering 
tissue regeneration and repair. Furthermore, 
ESW possesses the capacity to recruit stem 
cells and prompt cell differentiation, 
potentially contributing to osteogenesis and 
angiogenesis [11].

I n  A d d i t i o n ,  E S W T  E x h i b i t s  t h e 
Following Effects
N e o v a s c u l a r i z a t i o n  a n d  b o n e 
regeneration
ES W T enhances  these  processes  by 
modulating the levels of specific factors such 
as  VEGF, PCNA , and BMP-2,  w hi le 
concurrently suppressing anti-inflammatory 
factors.

E nd o t hel ial  cel l  pro l i f erat i on  and 
migration
E S W T  p r o m o t e s  t h e s e  p r o c e s s e s , 
particularly in cases of steroid-induced 
ONFH.

Osteoblast differentiation
In vitro studies reveal that ESWT stimulates 
this process and augments bone formation in 
rabbit models, achieved through the TGF-
B/SMAD2 pathway.
Protection of articular cartilage and 
subchondral bone
ESWT demonstrates efficacy in improving 
these areas by modulating specific pro-
inflammatory cytokines such as IL33 and its 
r e c e p t o r  S T 2 ,  w h i l e  c o n c u r r e n t l y 
downregulating others such as IL5, IL6, and 
IL17A.
These multifaceted effects underscore the 
potential of ESWT as a comprehensive 
therapeutic inter vention for ONFH, 
impacting various facets of tissue repair, 
regeneration, and inflammation modulation.

Cl i n i cal  Per f o r man ce  o f  E S W T  i n 
Treating ONFH
ESW was initially introduced to treat renal 
calculus in 1980. Twenty-one years later, 

Ludwig et al[12]. proposed the possibility of 
applying ESW as a non-invasive therapeutic 
strategy for ONFH. After decades of research 
and clinical application, the 2021 Consensus 
statement on ESW T indications and 
contraindications by the International 
Society for Medical Shockwave Treatment 
has approved avascular bone necrosis 
without articular derangement as a standard 
indication [12].
New evidence has emerged over the years to 
support the clinical application of ESWT in 
treating ONFH. Our shockwave medicine 
center at China–Japan Friendship Hospital 
(CJFH) has also accumulated significant 
experience and cases. Gao et al. [13] 
retrospectively examined the treatment 
outcomes of 335 ONFH patients involving 
528 hips. All patients underwent two sessions 
of focused ESWT, resulting in a significant 
improvement in pain score and Harris hip 
score af ter  treatment.  Most patients 
described a substantial improvement in daily 
life function, mainly attributable to pain 
reduction. A decreasing trend was observed 
in lesion size, and the reduction of BME was 
considered significant. No systematic or 
neurovascular complications were observed, 
except for mild local swelling and erythema 
resolving within days. This study suggests 
that ESWT is effective for early-stage ONFH 
i n  t h e  s h o r t  t e r m  w i t h  m i n i m a l 
complications, consistent with findings in 
leukemia patients. Sun et al. [14] recruited 43 
patients (86 hips) with early-stage ONFH in 
adult survivors with leukemia who received 
a l l o ge n e i c  h e m ato p o i e t i c  s te m  c e l l 
transplantation. All participants received two 
sessions of ESWT, with 89.5% of hips 
showing pain reduction and an increase in 
mean HHS score. Only 2 hips required total 
hip arthroplasty at the 12-month follow-up. A 
significant reduction in BME and a trend of 
lesion size decrease were observed. Early 
prevention of glucocorticoid-induced 
ONFH is also crucial. In Yang et al.’s study 
[15], 153 patients who had received high-
dose  g lucocor t icoid  treatment  were 
randomly allocated into two groups. One 
group received a single session of high-energy 
focused ESWT (HF-ESWT), while the other 
r e c e i v e d  n o n e .  B o t h  g r o u p s  w e r e 
administered alendronate sodium tablets and 
Fufang Xian Ling GU Bao. Significant 
differences were found in bilateral hip 
function at 6-month and 12-month follow-
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ups. Eleven patients were diagnosed with 
ONFH during follow-up, and a significant 
difference was observed, with only 2 of the 
ONFH patients treated with HF-ESWT. The 
rest were not. The results reveal the notable 
p o t e n t i a l  o f  E S W T  i n  p r e v e n t i n g 
glucocorticoid-induced ONFH.
Our focus on this issue is not unique. Xie et al. 
[16] revised 39 consecutive patients (53 
hips) with nontraumatic, ARCO stage I to III 
ONFH treated with a single session of 
ESWT. The outcomes showed a significant 
improvement in Harris hip Score and VAS 
score, with clinical success rates of 87.5%, 
71.4%, and 75.0% in ARCO stage I, II, and III 
patients. The results suggest that ESWT is 
effective in treating nontraumatic ONFH, 
especially for patients in the early stages of the 
disorder. BME is commonly seen in ONFH 
patients. In Zhao et al.’s study [17], 67 
patients with BME caused by ONFH were 
presented with personalized ESWT during 
rehabilitation. MRI shows a decrease in BME 
sizes in 98.5% of all cases, along with 
improvements in Harris hip score and 
Charnley score. In another study conducted 
by Alkhawashki et al. [18], 24 patients 
received two sessions of ESWT for ONFH, 
showing improvement in both joint function 
and pain. The results favor the application of 
ESWT in ONFH treatment.

Misapprehensions and Challenges
Despite the rapid development of ESWT in 
recent years, some misapprehensions still 
req u i re  c lar i f i c at i o n.  E S W T  c an  b e 
characterized as focused and radial due to 
different types of generating devices. 
Multiple pieces of evidence favor the 
application of focused shockwave in the 
treatment of ONFH [19]. Although radial 
pressure wave (RPW) is also capable of 
generating extracellular cavitations, its 
intensity decreases by more than 50% for 
every centimeter of tissue penetration [20]. 

Therefore, it is difficult for RPW to achieve 
therapeutic effects on deep tissues such as the 
femoral head. Even so, there is still evidence 
showing that RPW may help to reduce pain 
and improve hip function. We believe this is 
because of its effect on surrounding soft 
tissues such as the joint capsule rather than 
acting on the bone itself.
Recent studies suggest that ESWT may be 
dosage dependent. A systematic review 
conducted by Abbas et al. analyzed the dose-
dependent effects of ESWT on pain and 
function in ONFH. The review included 13 
articles, of which 8 articles were cohort 
studies, 4 were RCT, and 1 was a case–control 
study. The author elucidated that whereas 
ESWT of all energy levels is effective in 
managing pain and function while delaying 
further progression of the disease, medium- 
and low-energy densities were less prevailing 
[19]. This finding is consistent with our 
experience in the center. It is essential to 
apply high-energy densities during treatment 
to promote tissue restoration, namely flux 
density of >0.3 mJ/mm2 with more than 
8000–10,000 shocks per session.
Despite its efficacy in treating early-stage 
ONFH, ESWT still lacks the capability of 
curing ONFH of all types and etiology. 
Different studies have demonstrated the 
application and outcome of ESWT depend 
on disease stages. Surgical intervention is 
often required for patients in the peri-
collapse period, especially those who are 
c l a s s i f i e d  a s  t y p e  L 3  b y  t h e  C J F H 
classification and ARCO stage III or above. 
The application of ESW can be taken as part 
of the cocktail therapy to relieve pain and 
promote tissue repair. We should notice that 
although previous studies and our experience 
in the center suggest that ESWT is a safe 
t h erap eu t i c  i nter vent i o n  w i t h  l i tt l e 
complications, there is still evidence showing 
that potential risks and contradictions still 
exist [12]. Practitioners should be familiar 

with hip joint anatomy to avoid secondary 
injuries.
As an ancient Chinese proverb goes, “Time 
passes quickly like a white pony’s shadow 
across a crevice.” It has been more than two 
decades since the first report of ESWT. 
Although a great number of research studies 
have come out during the years,  the 
mechanism of ESWT in ONFH treatment 
still lacks consensus. Most studies on clinical 
p e r f o r m a n c e  a r e  s i n g l e - c e n t e r e d , 
retrospective studies. These are the real 
challenges we are facing at the moment. 
Institutions and companies have begun to 
question the scientific evidence behind shock 
waves [21,22]. Continuous and systematic 
research is needed, including in vitro and in 
vivo experiments, studies with animal 
models, and cellular molecular experiments. 
Multicenter, double-blind designed research 
with a large sample size and long-term follow-
up is also in demand to provide sufficient 
evidence for ESWT.

Conclusion
ESWT is a safe, effective, non-invasive 
therapeutic strategy for ONFH treatment. 
ESWT may promote vascularization and 
osteogenesis through a cascade reaction 
stimulated by the transformation of physical 
energy, promoting tissue regeneration, and 
repair. HF-ESW T is recommended in 
treating early-stage ONFH. Recent studies 
have proved the efficacy of ESWT in treating 
early-stage ONFH. However, studies of high 
quality are stil l needed to clarif y the 
mechanisms and clinical principles. Future 
research on clinical performances should 
focus on multicenter, double-blind design 
with a large sample size and long-term follow-
up is to provide high-quality evidence for 
ESWT.
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